Background: The temporomandibular joint (TMJ) forms the junction between the maxilla and mandible. Movement of the jaw and resulting masticatory forces have been extensively studied in the horse; however, less is known about the inter-relationship between this joint and oral and dental pathology. Objectives: To determine the association between specific oral and dental pathologies and anatomical variations of the TMJ imaged with computed tomography (CT) in horses with asymptomatic TMJs. Study design: Retrospective cross-sectional study. Methods: Horses (n = 201) from three practices with a complete oral examination and skull or upper cervical CT study were reviewed. Age, breed, sex, clinical presentation, oral examination findings, slice width and practice were recorded. Alterations in contour and density of the mandibular condyle, mandibular fossa and intra-articular disc were also documented. Logistic regression, corrected for clustering by practice, was used to determine whether CT anatomical variations were significantly associated with the oral examination findings. Results: Horses categorised as having abnormal TMJs were older than those with normal TMJ. Horses with periodontal disease were less likely to have abnormal TMJ findings compared with horses with no oral pathology. In contrast, horses with infundibular disease were more likely to have TMJ abnormalities. Main limitations: Due to the cross-sectional nature of the study, it was difficult to establish whether oral pathology preceded TMJ abnormalities. Conclusions: Despite examining over 200 horses of varying ages, the biological significance of the observed associations between oral, or dental disease and anatomically appreciable temporomandibular joint disorders remains uncertain.
Introduction
The anatomy of the equine temporomandibular joint (TMJ) has been well described and the articular surface is covered by fibrocartilage [1] [2] [3] [4] . Similarly, normal computed tomography (CT) anatomy and pathological variations of the equine TMJ have been defined [5, 6] . Interestingly, intraarticular equine TMJ disease is rarely reported beyond cases of septic arthritis and its consequences [7] . Degenerative TMJ diseases in the absence of sepsis identified in other species [8, 9] are rarely documented in horses [10] [11] [12] [13] . Despite this, there are numerous professional and lay publications suggesting that diseases of the oral cavity and specifically dental malocclusions might lead to disease, pain or degeneration of the equine TMJ [14, 15] . The only peer reviewed work in the horse has found no correlation between the concentration of proinflammatory cytokines within the temporomandibular joint and oral pathology [16] .
The objective of this study was to examine associations between oral examination findings and the CT appearance of the equine TMJ. Horses with a clinical suspicion of TMJ disease were excluded. Our hypothesis was that there was no association between specific oral or dental pathologies and CT anatomical variations within the equine TMJ.
Materials and methods
Medical records from 1365 horses, which included CT examination of the head or upper cervical region, were reviewed from eight equine veterinary practices. Computed tomographic TMJ findings of 1018 of these horses have been previously published [6] . A subset of these horses from three veterinary practices were selected for which a complete documented oral examination had been performed. The methodology of the CT selection criteria has been reported in detail previously, but in summary, the date of birth was retrieved exactly in Europe (due to the passport system) and in most cases, North American patients also had an exact birth date. For some Thoroughbred horses, only the year of birth, standardised to 1 January, was known. Age at the time of CT was calculated for all horses and categorised as <1 year = 1, 1-4 years = 2, 5-9 years = 3, 10-14 years = 4, 15-19 years = 5, 20+ years = 6. The sex and breed of the horses were recorded as was the reason for undergoing CT. Due to the large number of breeds, data were initially examined as individual breeds and then amalgamated into breed groups. Complete transverse CT images of both right and left TMJs were required for inclusion. Only studies with soft tissue and bone reconstruction algorithms and temporally associated complete oral examination were retained in the study population.
As previously reported [6] , images were reviewed on a DICOM workstation (eFilm Workstation a and RadiAnt DICOM Viewer b ) in both the soft tissue (windowAE300, level 50) and bone windows (windowAE2500, level 500) using single plane, multi-planar and surface volume (if necessary) reconstruction.
Left and right TMJs were evaluated by a single observer (board certified in large animal surgery and equine veterinary dentistry) who was blinded to the age of the horse and oral examination findings. The presence (1) or absence (0) of the following CT anatomical variations was recorded; spherical hypodensity of the mandibular condyles and temporal bone overlying the mandibular fossa with and without surrounding sclerosis, linear hypodensity with surrounding sclerosis of the mandibular condyle (mandibular cleft), hyperdensity of the intra-articular disc and soft tissues of the periarticular region and irregular mandibular or temporal subchondral bone and retro-articular process contours.
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Oral examination findings were supplied to the primary investigator on a standardised spreadsheet by the co-investigators who were blinded to the CT findings (Supplementary Item 1). These findings had been retrieved from the clinical records and documented from the examinations of the oral cavity in standing sedated horses using a full mouth speculum and an oral endoscopy. Data were coded yes = 1 or no = 0 and were recorded on a spreadsheet programme (Microsoft Excel) c and subsequently transferred to a Windows based statistical programme (SPSS). d
Data analysis
Logistic regression was used to examine the effect of potential risk factors (age, breed group, sex, specific oral examination findings and practice) on the determination of a CT anatomical variant (yes/no) in either of the two TMJs. Clustering of observations within practices was accounted for by including university veterinary practice as a fixed effect in the models.
Similarly, logistic regression adjusted for practice using fixed effects was used to examine the effect of potential risk factors (oral examination findings) on the presence of hypodense regions suggestive of bone cysts (yes/no) and hyperdense regions within the intra-articular disc (yes/no).
All potential risk factors were initially screened using unconditional analysis and variables with P<0.2 submitted for consideration in building the final model [17] . All final models were built using manual backwards elimination. Variables with P≤0.05 were retained in the final model.
Variables that were not significant were assessed as potential confounders of the association between the retained significant variables and outcome of interest. A change in the coefficient of >20% was considered indicative of confounding. However, dental pathologies were only examined as potential confounders if they were not considered to be on the same causal pathway as the significant risk factor. If one variable under consideration was considered to be a mediator of another, then the two variables were examined in competing models and the model with lowest AIC was reported. All identified models with significant risk factors were reported. Linearity of age with outcome variables was assessed by adding the squared term into any model including age. If significant, the squared term was retained in the final model. Finally, oral pathologies theorised to create additional or supraphysiological TMJ pressure, such as stepped teeth, incisor malocclusions or a wave mouth were specifically evaluated in the final model so that the 95% CI could be examined to evaluate study power. Where two or more variables were significant, biologically plausible two-way interactions were assessed by introducing the appropriate multiplicative terms into the model with significant interactions retained in the final model (P≤0.05). Results were reported as odds ratios (OR) with 95% confidence intervals (95% CI); P<0.05 were considered significant.
Results
A total of 201 horses met the inclusion criteria (107 males and 90 females; four had no sex recorded). The mean age at the time of CT and oral examination was 10.6 years (AEs.d. 6.4 years; range 0.1-28.4 years). There were 128 horses for which both TMJs were deemed normal and 73 (36.3%) that were determined to have a variation from normal in one or both TMJs.
Unconditional analyses of factors associated with TMJ abnormalities are presented in Supplementary Item 2. Only age, periodontal and infundibular disease were significantly associated with an abnormality of the TMJ in the final multivariable model (Table 1 ). There were no significant interactions, nor was there a significant difference among veterinary practices. The squared age term was not significant providing support for a linear association between age and the logs odds of an abnormality of the TMJ. Horses reported as having an abnormal TMJ were significantly older than those with a normal TMJ (P = 0.002). Horses with periodontal disease were less likely to have abnormal TMJ findings compared with horses with no oral pathology. In contrast, horses with infundibular disease were more likely to have TMJ abnormalities. Other specific pathologies of interest, including stepped teeth, incisor malocclusions and wave mouths were assessed in the final models, but were not significant. Having controlled for age, there was no association between having stepped teeth (OR 1.55, 95% CI 0.42-5.64, P = 0.5), incisor malocclusions (OR 0.72, 95% CI 0.24-2.11, P = 0.5), or a wave mouth (OR 0.86, 95% CI 0.45-1.64, P = 0.6) and the presence of a TMJ abnormality.
Circular hypoattenuating regions within the temporal or mandibular condyles, suggestive of subchondral bone cysts, were identified in 18.9% (n = 38) horses. In the final model, when adjusting for university practice, there were no significant risk factors for this finding, although there was a trend towards periodontal disease being protective (OR 0.27, 95% CI 0.06-6.72, P = 0.08). Again, there was no association between the presence of condylar cysts and stepped teeth (OR 2.3 95% CI 0.36-14.64; P = 0.4), or a wave mouth (OR 0.97, 95% CI 0.45-2.1, P>0.9) and circular hypoattenuating regions within the temporal or mandibular condyles.
When adjusting for university veterinary practice, age was the only significant risk factor (OR 1.23, 95% CI 1.13-1.34, P<0.0001) for intraarticular disc mineralisation identified in 10.9% of horses (n = 22). Having controlled for age, there was no association between having stepped teeth (OR 1.32, 95% CI 0.09-19.37, P = 0.8) or a wave mouth (OR 0.73, 95% CI 0.22-2.44, P = 0.6) and the presence of a mineralised intra-articular disc.
Discussion
The sole point of articulation for the mandible is the TMJ. It is reasonable that dental malocclusions or pathology affecting the high forces of mastication [18] could lead to loading abnormalities within the TMJ and subsequent pathological change. Studies in man have varying results when evaluating associations between TMJ abnormalities, dental pathology and tooth loss [19, 20] . Having said that, incorrect dental restorations that are too large or result in occlusal high spots can result in temporomandibular disorders, which are primarily muscular in nature [21, 22] . There is some evidence that TMJ dysfunction leads to tooth loss (specifically the human first molar), either by increased loading of the tooth or by increasing the rate of periodontitis [23] , but it has also been suggested that the odds of developing osteoarthrosis within the TMJ increases when posterior teeth are lost [4] . The latter study did not control for age and as tooth loss occurs more commonly in elderly patients, it is possible that arthrosis of the joint was simply a function of age and not of tooth loss. Finally, there is no evidence in man that occlusal adjustments prevent, or can be used for the treatment, of TMJ disease [24] [25] [26] .
The results of the current study indicate that older horses were more likely to have TMJ abnormalities. The study population was chosen to specifically exclude horses that had clinical suspicion of TMJ disease. Even with that exclusion criteria, 36% of the study population had a TMJ abnormality detected using CT. This percentage is similar to that published for man [27] , in which 44% of people had radiographic evidence of TMJ change, including osteoarthrosis, without clinical symptoms.
In addition, the current study found that there were reduced odds of TMJ variation with periodontal disease, but increased odds of TMJ variation in the presence of infundibular disease. There was no statistically significant interaction term between either periodontal disease and infundibular disease or between either type of pathology and age. Periodontal disease has been reported to be one of the most painful conditions in the equine mouth [28] and as such, one would suspect that it would change the kinematics of mastication. Despite that, the results show reduced odds of TMJ morphological change with the presence of periodontal disease and the strength of this association did not vary with age. It may be that the TMJ changes are simply variations of normal, or that other unmeasured variables confer a protective effect. Another possibility is that horses with periodontal disease chew with less force during the power stroke of mastication and subject the TMJ to less stress. The finding that the presence of periodontal disease was associated with lower odds of having CT abnormalities of the TMJ is consistent with this theory. The clinical significance of equine infundibular disease is controversial. The most common tooth involved is the first molar (Triadan 09) [29] . Our results suggest that there were increased odds of having a morphological variation of the TMJ with infundibular disease. The reason behind this is unknown. It is possible that this is associated with the shorter pre-eruptive mineralisation time for the 09 teeth, as compared with that of the 10 and 11 s. This assumes that mineralisation time holds true for maxillary teeth as reported for mandibular teeth [30] . Another suggestion is that this is a function of domestication, although there is no current evidence to support this theory. Concomitant pulp exposure can occur clinically, but it was not significantly associated with TMJ in this dataset. The infundibulum is devoid of a nerve supply and since the degree of disease was not recorded, it is difficult to understand how the statistical link is biologically relevant, especially as there was no statistical interaction between infundibular disease and age in the dataset. However, it is possible that this finding mirrors those in man in which TMJ dysfunction leads to tooth loss [23] .
There were no oral or dental examination findings associated with intra-articular disc mineralisation. The dental lesions considered to be most likely to be associated TMJ disease from a biological perspective were stepped teeth and a waved mouth. Despite the low number of cases (n = 22), the limited width of the confidence intervals for the dental pathologies not associated with TMJ lesions suggest that the lack of significant findings was not necessarily due to limited study power. It is therefore more likely that disc mineralisation is primarily a function of age and the accrual of repetitive trauma over the life of the horse than it is due to oral or dental disease as suggested by the results of the present study. It is possible that soft tissue and cartilage abnormalities were underrepresented by CT examination which would have been better imaged using magnetic resonance imaging. Additionally, the intraarticular environment (synovial fluid parameters and inflammatory cytokine concentrations) and the histological structure of the TMJs were not examined.
It is possible that the mathematically significant associations shown in the current study are associated with underlying biologically important risk factors that have been overlooked. It is also possible that the fibrocartilaginous arrangement of the temporal and mandibular condyles as well as the intra-articular disc confer a degree of protection and dampen the degree of the insult generated from dental malocclusions [1] . In either case, more work is needed to definitively determine the relationship between oral and temporomandibular joint pathology.
